Introduction
Rheumatoid arthritis (RA) is a systemic inflammatory disorder, the main lesion of inflammation being the joint synovium. In the affected synovium of patients with RA, proliferation of sinoviocytes and invasion of inflammatory cells are observed (1) . Various cytokines and chemokines are produced in the proliferated synovial tissues, which further enhances inflammation and joint destruction. Although the precise mechanism that causes this vicious cycle is still unclear, it is generally accepted that the tumor necrosis factor (TNF)-· plays a central role in this inflammatory process (2, 3) . Thus, mechanisms that control TNF-· production may have a strong influence on the disease activity and prognosis of RA in individual patients.
The mechanisms that promote TNF-· production have been elucidated in various studies, and it has become evident that nuclear factor κB (4) , and activator protein-1 (5) , are key molecules that enhance TNF-· gene expression. These molecules promote the transcription of the TNF-· gene, and thus, increase the production of the TNF-· protein.
In addition to these transcriptional factors, recent evidence shows that post-transcriptional regulation is also important in
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antigen-1 and Hu antigen R genes in synovium of patients with rheumatoid arthritis the regulation of cytokine production (6, 7) . A group of molecules termed AU-rich element (ARE) binding proteins (ARBPs) play a pivotal role in post-transcriptional regulation of inflammatory cytokine production. Among various ARBPs, tristetraprolin (TTP) is one of the most investigated. TTP is a widely distributed phosphoprotein, possesses two zinc finger domains that form the biological active site, and is an immediate early protein that responds to various stimuli (8) . It has been demon-strated that TTP induces destabilization of TNF-· mRNA by directly binding to the ARE in the 3' untranslated region (3'UTR) of TNF-· mRNA, and accelerates mRNA degradation, thereby reducing the production of TNF-· protein. It has been also demonstrated that TTP knockout mice manifest erosive arthritis, dermatitis, and body weight loss, and that these symptoms could be prevented by administration of anti-TNF-· antibodies (9) . T-cell intercellular antigen (TIA)-1 and Hu antigen R (HuR) are also ARBPs that are involved in post-transcriptional regulation of TNF-· production. TIA-1 possess three RNA recognition motif (RRM) type RNA binding domains and binds to ARE in the 3'UTR of TNF-· mRNA (10, 11) . Recent studies have shown that upon binding to ARE, TIA-1 works as a translational silencer, not a transcript destabilizer (12) . HuR, also called HuA (13) , is a member of the embryonic lethal abnormal visual protein family, and also possesses three RRMs that bind to ARE and poly A tails of various mRNAs. HuR has been shown to stabilize AREcontaining mRNAs, upon binding to such RNAs (14, 15) . Thus, HuR acts as an enhancer of TNF-· production. Presumably, these molecules act in concert to precisely control the production of the TNF-· protein. Therefore, we hypothesized that the severity of RA in individuals may be influenced, at least in part, by the dynamics of TTP, TIA-1 and HuR production.
In a recent study, we investigated the quantity of TNF-· and TTP mRNAs in synovium of RA patients, and reported that serum C-reactive protein (CRP) was significantly increased in patients whose synovium had a lower TTP/TNF-· gene expression ratio (16) . These results suggested that posttranscriptional regulation of TNF-· by ARBPs is an important factor that affects the severity of RA. In this study, we further investigated the quantity of TNF-·, TTP, TIA-1, and HuR mRNA in synovium samples of RA and osteoarthritis (OA) obtained from operated joints. We compared RA with OA in the expression of the above four genes, and investigated the relationship of expression of these four genes. Results imply that although the expression of a single ARBP investigated in this study do not govern the severity of RA, expression of these ARBPs do affect each other and may contribute in determining the disease activity of RA. ± SD) 1.52±2.65 mg/dl] and 12 with OA [age (mean ± SD) 73.08±2.64 years, disease duration (mean ± SD) 17±19.80 years, CRP (mean ± SD) 0.23±0.48 mg/dl] were used. All RA patients fulfilled the American College of Rheumatology criteria for classification of RA (17) . All samples were taken when the patients underwent joint replacement surgery of elbow, hand, hip or knee joints, at Tsukuba University Hospital or at Takebayashi Hospital. At the time of serum sampling, RA patients were taking 0-10 mg/day prednisolone and 0-3 disease modifying antirheumatic drugs (DMARD), including methotrexate (8 mg/week maximum), salazosulfapyridine (1000 mg/ day maximum), and 100-200 mg/day bucillamine, a DMARD commonly used in Japan. Serum CRP, rheumatoid factor and other clinical parameters were measured 0-2 days before operation. No patient showed any signs of infection at the time of serum sampling or operation. All subjects gave written informed consent and the study was approved by the local ethics committee.
Materials and methods

Patients
Real-time PCR. Expression of TTP, TIA-1, HuR, and TNF-· genes were measured using the TaqMan PCR real-time quantification method. Total RNA was extracted from synovial tissues, and cDNA was synthesized using the RevertAid firststrand cDNA synthesis kit (Fermentas, Hanover, MD). Synthesized cDNA samples were applied to PCR and the amount of amplified products was monitored with an ABI-7300 sequence detector (Applied Biosystems Japan, Tokyo, Japan). PCR mixture (qPCR Master mix) was purchased from Eurogentec (Seraing, Belgium); magnesium concentration was 5 mM final, primer concentrations 200 nM final, and the probe concentration was 100 nM final. Thermal cycler conditions were 50˚C for 2 min, 95˚C for 10 min, then 45 cycles of 95˚C for 15 sec and 60˚C for 1 min. Standard curves for the gene of interest and glyceraldehydes-3 phosphate dehydrogenase (GAPDH) gene were generated from a standard sample in every assay. All measurements were done in triplicates. The level of gene expression was calculated from the standard curve, compensated with that of GAPDH gene, and was expressed as an expression ratio (expression of the gene of interest/expression of the GAPDH gene). The sequences of specific primers and probes are as follows: TNF-· forward: 5'TGGAGAAGGGTGACCGACTC3', TNF-· probe: 5'CGC TGAGATCAATCGGCCCGACTAT3', TNF-· reverse: 5'TCCTCACAGGGCAATGATCC3'. Primers and the probe for TTP, TIA-1, HuR, and GAPDH were purchased from Applied Biosystems. Fig. 1A) , Expression of TTP, TIA-1 and HuR genes were not significantly different between RA and OA synovium samples (Fig. 1B-D) . 
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Relationship between the expression of ARBP genes in RA synovial tissues and serum CRP levels. We investigated the relation between expressions of TNF-·, TTP, TIA-1 or HuR genes in synovial tissues and serum CRP levels in RA patients. No significant correlation was observed for any of the genes studied (Fig. 2) . Next, we calculated the ratio of TNF-· gene expression and TTP, TIA-1 or HuR gene expression, and compared the ratio with serum CRP. There was no significant relationship between these ratios and CRP (data not shown).
Relationship between the expression ARBP genes in RA patients. We questioned whether the expression of an ARBP gene or the TNF-· gene is significantly correlated to the expression of another. There were no significant correlation between the expression of TNF-· and TTP genes, TTP and TIA-1 genes, and TTP and HuR genes (data not shown). TIA-1 gene expression was positively correlated with TNF-· gene expression, but statistical significance was lost when adjusted for multiple comparison (r=0.439, p=0.0496 by Spearman's rank correlation; Fig. 3A) . HuR gene expression also tended to be higher in patients with higher TNF-· gene expression (r=0.412, p=0.0656 by Spearman's rank correlation; Fig. 3B ), but without statistical significance. Expression of TIA-1 and HuR genes were significantly correlated with each other, even after adjustment for multiple comparison (r=0.616, p=0.0059 by Spearman's rank correlation; Fig. 3C ).
Discussion
The importance of TNF-·, a major inflammatory cytokine, in the pathogenic process of RA is now clear (2, 3) . The introduction of TNF-· antagonistic biological drugs have remarkably changed the therapeutic strategies to and the outcome of RA (18, 19) . However, some patients do not respond to anti-TNF-· therapies (19) , and the factors that make interindividual differences in the severity of RA and responsiveness to various therapies are poorly understood. Understanding of these factors, in particular the mechanisms that control TNF-· production, may lead to development of new therapeutic strategies for refractory RA. In this study, we focused on the ARBPs that are important in the posttranscriptional regulation of TNF-· production. Differences in the expression of these molecules may affect the amount of TNF-· produced, and hence, the severity of RA in individual patients.
Rather unexpectedly, expression of the TNF-· gene was significantly higher in the synovial tissues from patients with OA than those from patients with RA. It has been shown that TNF-· plays an important role in the joint destructive process in OA, as well as in RA (20) . In addition, while most OA patients were under no medication or on occasional nonsteroidal anti-inflammatory drugs only, most RA patients were under more immunosuppressive therapies including DMARDs and steroids. We were unable to obtain healthy synovial tissues, which would have been preferable as controls than synovial tissues from OA patients.
In a previous study, we reported that the TTP/TNF-· gene expression ratio in the synovial tissues from RA patients is lower in patients with higher CRP (16) . We considered that this finding may suggest that individual differences of TTP expression may partly account for the differences in the severity of RA. However, this finding was not reproduced in our present study, where a new set of synovial samples were used. We cannot clearly explain the reason for the discrepancy between these studies. One possible explanation is that while many of the RA samples in the previous study were from 
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patients who underwent synovectomy, samples in the present study were obtained from patients who underwent total joint replacement. Therefore, the disease activity was not high in many of the RA patients included in this study, compared to the RA patients included in our previous study. Theoretically, it would be ideal to measure the expression of these genes in synovial tissues from freshly diagnosed RA patients and study whether they are related to severity, drug responsiveness and prognosis of these patients. An alternative is to measure the amount of these genes in peripheral blood mononuclear cells of RA patients, which is currently underway in our laboratory.
Among the gene expression of ARBPs in the synovial tissues of RA patients, we observed a significant relationship between the expression of HuA and TIA-1. Between the gene expression of TNF-· and the ARBPs examined, tendencies towards positive relationships were observed between TNF-· and TIA-1, and TNF-· and HuR. Although HuR, TIA-1 and TTP all bind to the 3'UTR region of TNF-· mRNA, they exert different functions. HuR acts as a stabilizer (21), TTP a destabilizer (8) , and TIA-1 a translational silencer (12) . These proteins act in synergy to precisely control the production of TNF-· protein (22) . The mechanisms that control the production of these ARBPs are not fully understood. It has been reported that the p38 mitogen-activated protein kinase (MAPK) pathway plays an important role in post-transcriptional regulation of inflammatory genes, and that the mRNAs regulated by p38 share common ARE present in their 3'UTR (23) . p38 may stabilize these mRNA by inhibiting the destabilizing action of ARBPs, or by enhancing the production or function of stabilizing ARBPs. It has recently been shown that TTP mRNA is stabilized through a p38 mediated phosphorylation pathway (24) . Furthermore, TTP seem to be able to destabilize its own mRNA by binding to ARE of TTPmRNA (24) . The role of p38 in the regulation of production or function of ARBPs, and how an ARBP affect the production of another are interesting but very complicated issues that await elucidation.
The results of our present study may imply that when HuR expression is enhanced by some mechanism, TIA-1 expression also increases to prevent excess production of the TNF-· cytokine. TIA-1 and HuR are also important in the regulation of cyclooxygenase 2 (COX2) production (25) . Dysregulated production or RNA-binding of TIA-1 is hypothesized to be related to enhanced COX2 production. Dysregulated TIA-1, therefore, may lead to enhanced TNF-· and COX2 expression (12, 25) , which in turn may lead to higher disease activity in RA patients.
No significant relationship between the expression of the TTP gene and that of HuR or TIA-1 in the synovial tissues from RA patients was observed in this study. TTP seems to be one of the most important ARBPs in the regulation of TNF-· production, considering the observation that TTP knockout mice develop severe inflammatory symptoms that are attributable to TNF-· overproduction (9) . In this study, we could not show a direct relationship between TTP gene expression and RA disease activity, TNF-· gene expression or expressions of TIA-1 or HuR. However, we believe it will be worthwhile to further investigate the expression of the TTP gene in RA or other inflammatory disorders. These studies may lead to finding a clue to explain the differences in the disease of inflammatory disorders in individual patients, and also may give a starting point to develop new methods to control these disorders.
In conclusion, by studying the expression of TTP, TIA-1 and HuR, the three major ARBPs that post-transcriptionally regulate the production of TNF-·, we found that in synovial tissues of RA patients, the expression of HuR and TIA-1 genes are significantly correlated to each other. Our results may give insight into to mechanisms that determine the disease activity of RA, and may promote further studies that elucidate the pathogenesis of RA.
